Prepared for the u. s. Dep~rtment For the case of polypeptides and proteins dissolved in deuterated 3.
solvents, it is well substantiated that the proton spin-lattice relaxation processes are mostly mediated by intramolecular lH_lH inter- where Y H is the proton magnetogyric ratio, I = 1/2 is the proton spin, r .. is the internuclear distance separating atoms H. and H., T is
the overall molecular rotational correlation time, and w = YHB is the angular precession frequency of the proton in the external polarizing magnetic field B (4). Equation (1) can be rewritten
Af(w,T )r ..
4.
where f(W,T r ) is the expression within brackets in eq. (1) Ferrichrome is a microbial iron-transport (" s iderophore") cyclohexapeptide which mediates the metabolic utilization of the metal in 5.
a variety of bacteria and fungi (12, 13) . Alumichrome is an isomorphic (14) 3+ analogue of the naturally-occurring coordination compound where Fe has been substituted by diamagnetic Al3+. The crystallographic structure of ferrichrome A (15) and ferrichrysin (16) , two homologoues of ferrichrome which differ in two seryl-for-glycyl substitutions, are known to 0.2 A accuracy. For this reason, and because th~ structure of the coordinated peptides is rigidly maintained in solution (17, 18) , alumichrome ( Fig. 1 ) has proven to be a unique model system for conformational studies of polypeptide structures by heteronuclear nmr spectroscopy (19-21). F~om the X-ray coordinates it is possible to position H-atoms on the C-N structural framework by using adequate orbital hybridization to account for the molecular conformation.
This enables one to calculate the ~. parameters for protons that Temperatures were determined to ± 2°C using a sealed 7.
8.
tube of ethylene g lyco 1 standard and the temperature calibration charts provided by the instrument manufacturers. All Tlls reported here are accurate to better than 5% in the linear least squares standard deviations of the semi logarithmic magnetization recovery plots (correlation coefficients >0.99).
RESULTS
After ~-pulse inversion. the metal-free peptide, deferriferrichrome, exhibits a relatively uniform recovery of the amide lH magnetization.
Under the specified experimental conditions, with Tl = 156 ms, 221 ms, and 392 ms for am , Orn and Orn , respectively. I.e., once the tertiary structure becomes "frozen" in the metallopeptide, the six amides relax at rates that no longer reflect the particular residue type but rather the distance parameter 9.
E j characterizing the dipolar int~ractions in the rigid spatial structure.
We have studied a variety of deferriferrichrome and alumichrome analogues which differ in the residue occupancy of sites 2 and 3 (alanyl or seryl residues substituting for Gly2 and Gly3, Fig. 1 ) and a consistent pattern has been observed: while the metal-free, flexible cyclohexapeptides show uniform relaxation rates, the A1 3 +-coordinated derivatives exhibit the type of site differentiation exemplified by the spectrum in Fig. 3 , and this is independent of Expectedly, because of a drop in solvent viscosity, all Tl's become longer at higher temperatures. In what follows,we focus Table I Figure 4 Table II the discussion on data measured at 44° since e~rlier l3C and l5N experiments were performed at that temperature (8, 9) . Table I lists Tl's at 220 MHz for all the ferrichrome homologues we have studied and
shows that the overall amide Tl pattern remains basically unaffected to the extent that even sites 2 and 3 are essentially insensitive to whether they are occupied by Ala, Gly or Ser residues.
10.
In addition to those at 220MHz, the amide proton spin-lattice relaxation rates have been measured at 100 MHz and 360 MHz. (Table II) .
By least-squares fitting a straight line to the six amide data points, In a previous communication we have reported on the nitrogen relaxation of l5N-alumichrome at 10.1 MHz and have shown that it is dominantly caused by dipole-dipole interaction with the amide proton.
bl ·h h "d l4N 1 d' 1· " " It is hence predicta e t at t e am1 e -H 1pO ar 1nteract10n Figure 5 11. also ought to be sensed by the proton magnetization. We claim that the extra contribution to the amide proton relaxation determined from the ordinate interse ct in Fig. 4 is to a great extent due to this heteronuclear dipolar mechanism. This contention is given support 3 1 a by the rate of the Orn H magnetization recovery. This aliphatic resonance appears well-resolved, next to higher field of the amide region. Fig. 5 shows a partially relaxed spectrum at 360 MHz (T = 240 ms) spanning the 4.5 ppm < 5 < 10.5 ppm spectral region. As illustrated, the amide protons lead the Orn 3 ~a in the longitudinal 3 IHa -1 magnetization recovery. In Fig. 4 (Table II) . However, its location on the graph (Fig. 4) is Significantly below the position is the only relaxation mechanism besides lH_lH dipolar interactions, the (4 ) intersect value in Fig. 4 yields, on the basis of eq. (4), an independent estimate (Table I) the predicted trend is seen to be satisfied by each of the amides.
-1 Fig. 6 shows the T1 vs ~ plot for both peptides at 220 MHz, the linear least squares fits yielding The field dependence of the amide proton spin-lattice relaxation shows that T 1 1 s become longer at higher frequencies (Table II) while the Table III 13.
slopes of the linear fits decrease (Fig. 7) . This is what would be expected from the w-dependence of f(w,T ), and it indicates the r fact that at high fields cross relaxation (10,11) becomes important, the ~ parameter playing a lesser role in determining the relaxation individuality of each amide.
DISCUSSION
As presented above, each linear fit provides two independent estimates of T , one from the slope value (lH_1H interaction) and r the other from the intersect (~_14N or lH_15N interaction) . From the data on l4N_ and l5N-alumichrome at 100, 220, and 360 MHz (Figs. 6 and 7) four linear fits were obtained and eight independent T estimates derived (Table III) Except for resonances arising from the hydroxamate groups, the proton nmr spectra of alumichrome A and alumichrysin are essentially superinposable. The spectra do not reveal any difference in the extent of H bonding at the Orn l NH (18, 29) . NMR investigations of a variety of alumichrome homologues, which differ in the residue occupancy of sites 2 and 3 ( Fig. 1) and/or in the nature of the coordinated ion (A1 3 +, 3+ . 3+ 1 . ____ Ga _, or Co. _ , __ <-17.,18,24» always -detect-the -Orn -NH-proton-resonance at significantly higher fields, ~. 3.4 ppm closer to the TMS reference . 2 signal, than the strongly intramolecularly H-bonded Orn NH resonance (Fig. 3) . Furthermore, a variety of heteronuclear solvent perturbation . of non-protonated carbon atoms, the C-N d1polar interaction can 13 govern the C Tl and hence significantly affect the magnitude of
As we are showing, l4N dipolar interaction also affects the amide lH Tl so that the eff~ctive. lH_[ In} nOe between, e. g. NH and cOJi, will be similarly reduced. Fig. 4 shows that even though the l4N_ 1 H relaxation is the same for all the amide protons, it represents a variable fraction of the measured overall proton relaxation rates. 3 As exemplified by the Orn amide, it can even be a major contributor to the observed NH proton relaxation rate. On the basis of the study of Bell and Saunders (33), I. Mol 
22.
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